An immunohistochemical method for the detection of type 2 porcine circovirus (PCV2) in paraffin-embedded tissue was developed. Rabbits were inoculated with purified PCV2 to obtain a polyclonal antiserum. Antiserum was applied to sections of porcine tissue that contained lesions consistent with postweaning multisystemic wasting syndrome and in which PCV2 genome had been demonstrated by in situ hybridization. In all cases (18/18), the density and distribution of positive cells detected by in situ hybridization or immunohistochemistry were identical. The immunohistochemical method is more rapid and less expensive than in situ hybridization and is thus more suitable for routine diagnostic use.
A newly emerged porcine disease syndrome, postweaning multisystemic wasting syndrome (PMWS), has been reported throughout North America and Europe and is associated with infection by a novel strain of porcine circovirus (PCV). 2,3,5,7-10 PMWS is characterized clinically by progressive dyspnea, emaciation, and occasionally icterus and pathologically by a wide range of inflammatory lesions that most often include lymphohistiocytic to granulomatous lymphadenitis, interstitial pneumonia, hepatitis, and interstitial nephritis. 2, 3 The hallmark of PMWS is depletion of lymphoid tissues and the consistent presence in those tissues of a newly identified strain of PCV. 2, 3, 5, [7] [8] [9] [10] The genotype and serotype of the PCV isolated from PMWS lesions (PCV2) is markedly different from that of PCV1, an apparently ubiquitous, nonpathogenic virus initially identified over 20 years ago as a contaminant of the PK15 cell line. 1, 6, 11, 12 Although pigs with PMWS are consistently infected with PCV2, it remains uncertain whether PCV2 infection alone is sufficient to induce PMWS. 4 Detection of PCV2 in tissues has been achieved by 1) identification of macrophages with large basophilic to amphophilic intracytoplasmic inclusion bodies that ultrastructurally correspond to arrays of PCV particles, 7 2) demonstration of viral genome via in situ hybridization (ISH), 2, 9 or 3) demonstration of viral antigen via immunohistochemistry. 3, 4, 7 Because characteristic inclusion bodies are an inconsistent feature of PCV2 infection, reliable methods for the detection of PCV2 genome or antigen are highly desirable. Compared with immunohistochemistry, ISH is more complex and less suited to a busy diagnostic laboratory. Others have reported the immunohistochemical detection of PCV in tissues using rabbit antisera raised against PCV1 3, 4 or monoclonal antibodies to PCV1. 4 Immunohistochemistry using rabbit antisera to a presumptive PCV2 isolate was previously reported, 7 but detailed methodology was not presented. Herein, the production of polyclonal rabbit antiserum to purified PCV2 and utilization of this antiserum in an immunohistochemical assay suitable for routine diagnostic use is described.
A well-characterized PCV2 isolate (ISU-31) was propagated in glucosamine-treated PCV-free PK15 cells. 9 When an indirect immunofluorescence assay (IIFA) 9 revealed that 60-80% of cells in monolayers were positive for PCV2 antigen, cells were harvested by freezing and thawing 3 times. Suspensions were clarified at 12,100 ϫ g, and supernatants were centrifuged for 4 hours at 84,750 ϫ g. Pellets were resuspended in water, and virus was purified via isopyknic centrifugation in 37% cesium chloride at 234,745 ϫ g for 48 hours at 4 C. Purified PCV2 was diluted in 0.85% NaCl to a concentration of 0.1 mg/ml and mixed with a warm oilin-water emulsion adjuvant containing nontoxic lipid A isolated from Salmonella minnesota, synthetic trehalose dicorynomycolate, and deproteinized and delipidated mycobacterial cell walls. a Primary intradermal, intramuscular, subcutaneous, and intraperitoneal immunization of 2 rabbits with a total of 1 ml virus-adjuvant emulsion was followed by identical booster immunizations 3 and 6 weeks later. Rabbits were euthanized, and serum was harvested 2 weeks after the final immunization. Anti-PCV2 antibody was measured with an IIFA using PCV2 (ISU-31)-infected PK15 cell monolayers in 96-well microtiter plates; the secondary antibody was fluorescein isothiocyanate-conjugated anti-rabbit IgG. Serum from both rabbits had IIFA titers of 1:1,000.
Immunohistochemistry was performed as previously described for detection of swine influenza virus 13 with the following modifications. Four-micrometer sections were dried at 60 C for 20 minutes. After deparaffinization and rehydration, sections were treated with 3% hydrogen peroxide for 25 minutes, rinsed in water for 2 minutes, treated with 0.05% protease a for 2 minutes, and rinsed in 2 changes of tris/phosphate-buffered saline (PBS) buffer for 2 minutes at room temperature. Several dilutions of rabbit antiserum were evaluated; optimal staining was obtained when sections were incubated with a 1:1,000 dilution of antiserum for 1 hour at room temperature or with a 1:3,000 dilution of antiserum overnight at 4 C. Slides were then rinsed in Tris/PBS, treated with biotinylated secondary antibody b for 15 minutes, rinsed, treated with peroxidase-conjugated streptavidin b for 15 minutes, rinsed, treated with diaminobenzidine b for 5 minutes, rinsed in water, counterstained in Gill's hematoxylin c for 10-30 seconds, washed in tap water, dehydrated, cleared, and coverslipped. Negative controls included omission of the antiserum step or incubation with preimmunization rabbit sera.
A total of 18 paraffin blocks in which PCV had been demonstrated by ISH were utilized to validate the immunohistochemistry procedure. ISH was performed on tissues from pigs with lesions typical of PMWS using an antisense fluorescein-labeled RNA probe as described previously. 9 The density and distribution of positive cells detected with each procedure were similar for all blocks (Fig. 1) . Background staining was minimal when either the 1:1,000 dilution/1 hour or 1:3,000 dilution/overnight methods were employed. Staining was uniformly cytoplasmic and coarsely to finely granular; positive cells often contained multiple, intensely staining 0.5-3 m-diameter intracytoplasmic round structures similar in size and shape to inclusion bodies (Fig. 2) , despite the absence of discernable inclusion bodies in adjacent sections stained with hematoxylin and eosin. No staining oc-curred when preimmunization serum was utilized. Nonspecific staining with the immunohistochemistry procedure was limited to inconsistent staining of neuron cell bodies in submucosal and myenteric plexuses in small intestine.
This immunohistochemical procedure is a very useful tool for the routine detection of PCV2 in paraffin tissue sections. Sensitivity is equivalent to that of ISH, turnaround time and cost are less than half that of ISH, and simplicity is greatly enhanced in comparison to ISH, in particular because an automatic staining machine d can be utilized.
Abstract. Porcine circovirus 2 (PCV2) is a recently identified agent that has been associated with postweaning multisystemic wasting syndrome (PMWS) in swine populations. In this report, the potential spectrum of disease associated with PCV2 is expanded by evidence of vertical transmission and associated reproductive failure. PCV2 was isolated from a litter of aborted piglets from a farm experiencing late-term abortions and stillbirths. Severe, diffuse myocarditis was present in 1 piglet associated with extensive immunohistochemical staining for PCV2 antigen. Variable amounts of PCV2 antigen were also present in liver, lung, and kidney of multiple fetuses. The presence of other agents that have been associated with fetal lesions and abortion in swine, including porcine parvovirus, porcine reproductive respiratory syndrome virus, encephalomyocarditis virus, and enterovirus, could not be established.
Porcine circovirus 2 (PCV2) is a recently identified agent that has been consistently associated with postweaning multisystemic wasting syndrome (PMWS) in swine populations in several parts of the world. 3, 5 Isolates of PCV2 that have been obtained from affected pigs in several countries are virtually identical genetically and are distinctly different from the PCV (CCL33; PCV1) that was originally identified in the 1970s as a noncytopathic contaminant of the porcine kidney (PK15) cell line. 9, 13 Pigs with naturally acquired or experimentally induced PCV2 infections may present with progressive weight loss, tachypnea, dyspnea, and jaundice. 2, 3, 5, 6 Gross pathologic findings that have been directly associated with PCV-2 antigen include, lymphadenopathy, interstitial pneumonia, hepatitis and nephritis. 1, 3, 5, 6 An association of PCV2 with abortion or lesions in fetal pigs has not been previously reported.
Late-term abortions and farrowings with both stillborn and mummified piglets occurred in a new 450-sow swine facility, which was stocked entirely with first parity gilts. The facility had a farrowing rate of ϳ58% for the first 4 months of operation, with 20% of the reduced farrowing rate accounted for by losses after 13 weeks of gestation. Of the gilts that
